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(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance electrical characteristics of a 
nitrogen compound semiconductor light-emitting element by a method, 
where when the light-emitting element consisting of a nitrogen compound 
semiconductor film is formed on a nitrogen compound semiconductor 
substrate, an element belonging to a group VII elements is contained in the 
nitrogen compound semiconductor substrate as impurities. 
SOLUTION: A sapphire substrate 230, grown with an undoped GaN base 
layer having a striped growth suppressing film, is introduced in an H-VPE 
apparatus. Then N2 carrier gas 205 and NH3 gas 204 are respectively 
introduced in the H-VPE unit through an introducing tube 21 1, while being 
controlled by a mass flow controller 206 and after the temperature of the 
substrate 230 is heated, GaCI gas is introduced on the substrate 230 
through an inlet tube 208 to start the growth of the thick film of a GaN. At 
the same time, CI2 gas 202 is fed on the substrate 230 through an inlet 
tube 209 as impurities belonging to a group VII element to grow a GaN 
film doped together CI and Si and a nitrogen compound semiconductor 
substrate is obtained. 
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1 

suvi i m izm? 7c* ^ it* - <t & <t f -a g 

[§8*912] IffliE33i{b£«!l¥3S*S«*i 2 o um ■ 

mmit-£®>¥mfr&ftm : ?. io 

mVIIK7C*««S^S«rtt? 2 X 10i4cm-3£U. 2 x I 
020cm-3«T-e«-5 £££!|#8*<!:T3§if*«Sg 1 SfH« 

£SgVII&»c)ST5*l*4&7n3(?<tLT, MM (CI) 

T. I X 10»cm-3K±. 5 x 10H»cm-3£VT<£> 5" 'J 3 > 
(Si) »*>^tt$*;k-? (Ge) — 

(C) »SUe-feU> (Se) fc-SHttBSIt (S) , 

ttSSSl (0) £&fflb. 1 x 10i5cm-3£Ui, 1 x 1020cm 

-3WTWClSr-&*-r-5^i:*#^t-r'2>> W*^5^ 

§E«©g3i?<b^¥*#3£3fc^. 
[ffll*«7] li5fE3$<b£&#«#SI£<^*rr*Sg 

<£>^«(DCia&te. 1 x 1020 C m-3J^T. 1 Xl0i6cm-3J^ 

50 



[0 0 0 1 ] 
[0 0 0 2] ' 

[«E#oijtfg] g&ib^¥*#te^4#tt£3pJ 
MUX, ^f^M/W-TW^^lS^^fc^ 

[0003] &mit&®*mft&xm?*:ttm 
[0004] &mit&®*m&m*mm~rz>mitte. m 

StLT, If^T-fT* SiC, Xfcf*;k Si. GaAs> GaN 

Mtc> ».sa>i;«>, soot:— 60ffc<z)<g;ia-c. GaN^cteA 

lNcDA^.^T-S^^b. *r<D&. g«£100(TC~ll 

[0 0 0 5] L^U GaN«<&fi*ft#«¥»#£Wt>(0 
m Kmft X&J 1 X 1 09cm-2- 1 xl07cm-2gS^fe^:^o 

[0 0 0 6] ^<Otz&. *P«H"*»?*«*tt«b, * 

[0 0 0 7 ] c©tt*ft**¥***KaKfE*«^*2: 
[0 0 0 8] 
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3 

&±lzm<te2>C£tete<. 1 xl06cm-2gS«±ro«5 

b-T. l*fr6U:4>£na«. #lCiSS&g<amiffift 
X*ftoV— if^-f K («T. L — if) &<0&9tm 

[0 0 0 9] ^FSBfe<& F — fcf>^b-"C^)CEt>23R 

SE3feW s fc-5»C. H- V P E mm^CG a NJPIBi£ 10 
fi£gT5t#(C, GaNJWlJ«*«f fc-JE*OT«<** 

S*SfiS, Si8fb^«&¥iB#l'-1f3R^£ffi#l,&« 
lex tf ^+ -> r Ufc3B3tt*T Wit S^fiTr -581+ 

ti>&m.<t£2>m&.ibmmznT^2>. 
Co o i o] ^*e^S:ii5aisicH-b:>^Lfc^ 

L T t^fc: ug3Hb^¥S#S« £ *b$fc b tSiCH difi 

[ooii] MctA^, s^,fi<j#tt^re]±L. a> 30 

itotSW3>^!> hA^ift^-Sxtr^+v-f^fiKS 
*ff-5S«S5 CKAT. J&fiS) £r*rr-5gSfHb£fe¥i£ 

[0 0 12] 

»c»a. g3g<b^¥«#g«ro*RS&g£i£'=.u S3R 

{b£*3¥«f#a<£cDfi£gffi<»:. &3iBft;^»¥3S#g« 
±!CJgl5E-r-5Xb:^^->^>il/^fiKtroSmW7U=i>^ 40 

[0 0 13] *Jg^lc*3V>Ttt. ST. SaRRCWJ? 

*mw£.r,i3.z>mytm : f-$:mf8.-?z>mz. m&&&<t-& 
®¥m#&&'piz. *m%)tzLT?tiviimizm-tz>7vm 



4 

F*3lCA OiitJC ^Tlto{4cO^SS®'NOTe8S^ihS 0 . 
^-ro&m, astfb£ft¥®#S«^ffi<z>£{£&gat,j\£ 

*Sffi±txt:^^->v;Ufi£S^nfc^si^ro^^ 

[0 0 14] lffi?2§SHfc3-!gj#ig#S«[a< 2 0 m 

o, ^©isasE^»e«8*<it:*o. -e-ro^m. sat 

[0 0 15] Sfc. g5f?*b^¥3S#:S«+l;:'&£*l-5 
mviI^lcJg-r-STcSiroaiSdi. 2 xiOMcm-a^i. 2 

icfco. te{£^gfiaa<z>24*a<iiiEfbsn, ztyt^v 

[0 0 16] &3aHfr&«&¥*#StR4» t^TS 

-frS^VII^^tUT. *3R (CI) 
#ftbT^5. COTCtlc^O. GaNSStSfe3S«3 

^®l^««:S«± ICI tr * * -> ^ JMsKS 5 n fc^sii 

[0 0 17] Sfc, S*ft^«l¥*«:SS+ir, tt» 

(ci) mm.mmft& ! &:mmTz>*#e.to&-£trrz> 

>^*i, «6Sf ©Steffi £ (SSL- . -E-WiJg*, 

EgTg^fT^fciK+icffi^ans^^^rs,, ^-rofc 
^<b^#i¥^s«±icxe^+->r;p6£s$n 

•5. 

[0018] Mic. afaeaimttSrfcisp-r ttvmt. l 

T, 1 x 10ncm-3jK±. 5 x l020cm-31^TcoSi, SfelS 
Ge. SfcttC, SfeliSe. *itl±S. *it«0. ^l^ffl 
b. 1 x I0i5cm-3y.±. 1 xi020cnr3«T©Cl*-&ir-r 

tt^-^-rig^b^ft^^S^f ro. ^Jtt«5fi:(Si)Sro® 
iE<b*^$n. ^*e«jit«fi«05jBjE{b**«:Srn 
■5. ^Oig^. K^#7?iSiEfbanfc^^-ft:&^¥«#: 
s«±icxe^^->+;Pfi£g5n;t^3t^ia. iof 

[0019] S/t. ax{bd«^4i«x««)$4!rr«tt 

SSifi^lc^^T. «DD*t4Ci:S»l8il,Tt^. 
CWCtlCfcO. S^b^ft#3«fS«^ft:lCJg^^ieF 

->-v;Pfi£SMr B iro#®ic^fi-r-5->3 s^-^g(7)(g 
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[0020] sic> mmmRzmmtsvzmmz* &m 

tcf£S«^ffi^£0. 05Mm(D^£<D^<£^ifiif te. 
1 x\Q\*cm-W±* 1 xi020cir3WTT 

[0 0 2 1]^, sk*^^*******^©*^ 

[0 0 2 2] 

'«) Sf^Ht**tttbT, H-VPE. KE^fiJcSs, #^ 
HU H-VPE«CJ:?K •9"7r-fTaMK±fca**tf3* 30 

[0 0 2 3] (0001)ffi**f **7r-f 

gfeitUfc-^^r-f 7*S*M0CVD««rtfcS(Ab, H 2 ^ 

(D|g. MbT, **U7#X£LT** (H 2 ) £101/ 
min«ba*6» 600 < CTNH 3 t h U ^Jktfl) C?A C1M 40 
G) £-£tt-£*l5]/miiu 20mol/nin®ALT\ #j2OniD<D0 
'*0>GaN(Ea/Cy7 7HI«rtft-r£. ^^«> -B.TMG 

QGtaol/min3SAU 1 «fWT3Kj3Mm<7!)JS$^>7> H-^G 
aMR*:J5EftT*. ^<A&> TOGRrWHa^ftJ&ftffihL^ 

r-f 7S&£I&0ttJ-r. fii&A777-itlTH Ga 
Nl:H6f, HJ*y*7JV5=9A (TMA) , TMG, NH 3 

50 



6 

. [0 0 2 4]ifcfc. ±l3^feTf^»Ufc7>F-7 r GaN 

Bt, *5y*a*£D&H«fc'5fc:* JPSO. 2/*mgfirr, 

U ^<D±^H-VPEffiTS^^«:fi : ^> ¥SLttGaNJHR 

* U >tfm\z£ 0**UfcSiO|R*7* f u vif^u 
&m t^TX v 9- > if Isfc- <£> ^ffiffi b 
[0 0 2 5] JWT. 0 2£#RaLT, H-VPEttfci*GaN 

*j£*bfci*:7 7^:r*«230*, H-VPRKitrttcWA-r 
-5. 0*. 212«H-VPE^H<OSKSe-C*0, 213teS« 
<Dtt7i?*V$>Z>. N 2 ** U7^X205i:NH3 (204) 

^n^nSl/minTX^P — 3>Fd — ^206"TSJ» 
Lft#£«Al?211<£9illAU 108TC 
■ *<D'&. S«±lCGaCl£»A^208,£91 

00cc/tain» A UTGaN^ff K^fiKfi 2: Mi&TZ . 

[0 0 2 6] ^COf&> 3^ UTtfA^jg^bTfcflffrte 
.^. ; GaCltt«850t:fe«»SnfcGa*«207JCHCl*rX201 

TR« ITfea ^F*G«9 F tf > ^ 7 -f> &m V i T^fcfife 

>^^fT"P^t^T#^o **J6^j8T«*6* (CI) £ 

H-t:>m@«^ ^s^PBis-r^^HRffw. ci 2 

^fX202^^A^209ct D 100ccl/mih«#&bfco C<D^(D 
JP^GaN*tf)Cl&gte, 2 x 10i6cm-3-e&-o£:„ ft. CI 
<Z>F-tf>^Klte> Cl,*r*£0Mc. HCltfASr^Tfc 

ct^o ->>j3> (si) ftwi*icF-i;>yr*» 

ic^, ->^> (SiH 4 ) 203. ^y^DD>/^> (SiH 3 C 
1) ^^DPS/^^ (SiH 2 Cl 2 ) , hU^OP'>7> 
(SiHCl 3 ) >. ;>U3>f h7^n7-f F (SiCi 4 ) , ^\ 
^+h^na>?->^> (Si 2 Cl 6 ) ^, tttffl/T'bJ:^. 

CHCttJ^-T, SiH 4 $:100nmol/mi 
nQU&lsrco CCOIBOJPBlGaN+OSiiifttt, 2xi0i8 C m 

[0 0 2 7] C0)J:3Jc:bT> Cl^Si**F— ^Ix&Ga 
(102) ^J5K^bfeo ClXtfSiOF— /T>Ftt**U 
7^t«^UT«UTt)«toa:VJ. Ga*-Fi£^(DM 

2i4*ai;xi»#««^jissbTa[iHsna. ±tB^i* 
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[0 0 2 8] £t±©«»: LT»6ftfta«ft^»**# 
8«±lc, MOCVDttlcJ:0»316*^#lifi*j««-r*. E* 

HI *MBL&**&Bi*-r*. 

[0 0 2 9] ±JCL&*ST»6nfca*flS^«l 10 

¥*#S«102£M0CVD&Bft(C»AL^ N 2 £NH 3 £^n 
^n51/min«U&a*e^l050r »**«± 
^tltf, U7^*N 2 ^6H 2 JC«At> TMG^lOO/x 
mol/min, SiH 4 £rl0nnjol/min®Ab"C, nM<DGaMM (10 
3) **94 AtmjBjcfiT*. ^-<E>^, TWGCDiffi*£50Minol/m 
inlCsEgL, TMA$r40/imol/miD^XbT, n^c^Al ai Ga 
a9 N^7yFi (104) «:0. SMDOffSTTSft-r*, * 
7*; KJiOrtisWHT-rSi:. TMA<D«*&£#itb, TMG 
«rl00/imol/mintClS«LT, n^ooGaN^fiJe/i (105) 
£0. UmOil^lC^^ctaiC^-rao 20 

[0 0 3 0] TMG<D#W&£#itLT, *tU7 

#X£H 2 ;&>£N 2 k:fiitff^T, 700rg;T|S$Mb, -f > 
y^Al^T^S h 'J M >y "^A (TMI) ^rlO/xm 
ol/min, TMG£:15/imol/min»Ab, In a 05 Ga a 95 Nci: 0 
fc*4nnP<3»gJl£j£*-r*- ^<D*g, TMI<Z>#*&£50 
Atmol/mintrif tab, In a 2 Ga a 8 Ncfc 0 fcS2imJP(D#;R 

II^ftt5ct^^^iIf#F (MQW) (106) £j£ 
ITS. MQWCDfiKI^T-rs fc, TMIXtfTMG<0fl«&£ 30 
^jJhbT, lftfl050 t C2:T#MU ^'J7^$B^ 
N 2 ^e>^fC«AT, .TMG&50/* mol/min, TMA£30Mmol/m 
in, F — ¥>?mm^&Z¥^i/?n^>$'^JL- 
)\,^tf*i'Vl* (Cp^g) £10nnjol/minflftb, 20nmiPOp 
lAla^^t'JTyn-y^I (107) ^^It^o 

[0 0 3 1 ] ^-v U7?n7^iO)Sfi^*7t5^ 
TMAO#t$&^^ihU. TMG<D«SSS^100/zmol/iDin(CPIfi 
IT, 0. Um^/p$Op^gagS (108) ^^St^o 
^<£>l£, TMG^«^^50Mm/niintCPSb, TMA^40/zmol 
/rain^AL, 0. 4MmJPcDpgJAl a ,Ga a9 N^ ^ y Fit (10 40 
9) TMGco«$e^l00umol/rainJcP^ 
IT, TMAtf>fl«&£#jfcU 0. lumm<DmGati^>*2 
h/f (110) ^fiE**ffi/if83t*^»liSOfiEfi*3l*Tr' 
So fi&Srt*#*TTS£, TMGRtXCp 2 MgCD«$&^^±bT 

[0 0 3 2] 1f«ifi«r«-rsJK©**S 
SB®) <&Sffi5K<*a>¥JSffl[ (Ra) tt»10nraT*O. 

[0 0 3 3] K7<X7f>^8S^^T. 
pSJGaN3>*^ M^5/z(iii(DXh7^^l:§LT, 50 
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pSAl ai Ga a9 N^7y KB^Tx^^>^^fr^, 5tW 
tt!&£:«J5ELfc«, pSGaN^^u/ KJlgfcfrfCAu/P d© 
« (111) £, GaNJPKSfiCDS®fc, Al/Tim@ 

(101) €r-en-?n^L, ^£lC§§§B&St,>te K5-f 

[0 0 3 4] ^JtlCcfcO, 01 

(Vop) jW»5V, Wfitm^^S (Jth) j&<lkA/cm2T* 

2kA/cffl2©*«aA«f«)«3t5l*»4»l. 5ffiHPi*a>r>fc. 

tlCfTTSSWttTtft^ Cl£K-fcT>yL*: 
*«&«6ffiUfc**Jfi«fc^TU— tftt, *5nooo&$fljj<D 

[0 0 3 5] *5£»^ffi£;fe^Tte* -&#$1tSSBVII 

Ufeo *«rfiJtt* 7vm (?) > ft* (Br) , 3^ 
(I) «<OVIITM**««Ufc»dk:^lriTfeW* 

s^iWftfctcix&o*:. 

[0 0 3 6] ±E*Jfg^JBT«, 7X«Jifca 
(Al x Ga y In hI . y N:0^x^L O^y^ 

i) ^e»#U5E^nfc«M««T»ntt, ^mmmm^m 

■5, S*7C*G>-« (1 0%gSJ^T) SP, As, s 
[0 0 3 7 ] (gUM 1 ) *S*JS«Ttt, StJH»tt-C^ 

*5^T, H-VPEXf^«-rSGaNflH8StRjatfi»$<DCl K — t: 

[0 0 3 8 ] ^"T, *J8»BtH«(0*ft-C^«Ufc. ' 
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A b?<f 7Vt<Df&&tomm*ftTZ>7> H-yGaNTflS 
U7^^NH 3 «:-etl-en5l/niini»U*^e), Sffi 

oas^^iosor^T^M-r^o g«±ic, ca 

Cl£^J£$UC;^b£:;£&T, lOOcc/min^A bTGaNtf) 

tfci 2 #A£{fc*&b. s*fc*s*i*siBfl»*2xio«c 

nr3"C> ClSgrtKDOcm-V ©l x 10i5cnr3, ® 2 x 1016 
cm-3, @2 xlOJ8cm-3, ©1 xi020cm-3, RZfi@2 X 10 
»c^fcft*J:'3»C«l&bT, Si2fctfCl# F— :/ bfcg 10 
*ft-&***#***350AtoiOJP*fcJBKft ; r*. 

b, /'□tX*gtl/-f**«L/fc. 
[0 0 3 9) C©«fc-3K:bTfPHUfcU-1flC*liH« 
mSfEcD^1.5^Scom^^ST^^) h 5kA/cra2£:iffib, 

301, 302. 303. 304. 305, Rt/306«-^n^nClffl 
2X1016011-3, 2xi0i8crr3, 1 Xl0i5cnr3, 0c 
m-3, lxi020 C m-3. xlOMcm*©58*fb#4tJ¥ 

i. ci&£< H-t:>^i/T^^^^b'&W»#S 

tR*««UTff«lbfc^-1f©«tt (304) cfcOfcaS 
COC 1 £ H - bf > ^ b TfPB b fcfi*f £ 
ffi^UT^b^^—^^tt (301. 302. 303. 305) 

tt (306) ttififc»Kft-5«fa£^bT^S. §£*fflft^ 

ttttiAK: H-ybfeiRtCtt. ClSfite 1 x 10i5cm-3R 30 
±. 1 xi020cnr3filTT«*^:a*^*ofc. . C<0B** 
x-lOiCorTC&Q. Cdlcfcf—^&^C 

i##*>*. 

[0 0 4 1] HtfflDlfcf**^*^******^^* 

0i6cm-3, lxl0i7 C nr3. 5xi0i7cm-3, lxiOWcm-3, 2 
xlOiScm-s, 5xl0i8cm-3. lxiOWcnrS, 5X10i9c 
m-3. lxi020cm-3. 5Xl020cm-3, lxi02icm-3. 5X10 40 
2icnr3. RtflxlO»cir3Kft5«J:5fcilfiEb, 

sifHb-s^iSttSffi tzcisKtf 2 x ioucn-3£ft * «t 
ncs-rsaau— - tf*ffsu j£mft*-2oxtft* 
[0042] .ci*$*ft^*<±<ra»iifiT. n 

B»SB4i:it. B4l:»t>T, i&SI (»*»tt**i 
C0») ttCl&£<«*ft^SiB«£«&TftsBbfcfi 50 



10. 

£*frvrtt. CIO H-bf >^****»tt»- 

»»StErt^*n^Si»«^lxi0i7cm-3^±T. 5x 
1020 C nr3J^TOt5ffltci^V>T, Cl'F— tT>^SS*«Jt 

K«8Hte> Kai*E©Cl»SdU Xl0iscnr3d^6 1 XIO20 
cnr3©*BHrtT«ATt>lRli;-C»ofc. 

[0 0 4 3] (£gJS0J2) #*J60y-Ctt. tge«§ll 
^-TSTtSlibT, Sifilftfc* Ge. C. Se> S> OSrffiJI! 
' bfcWKO^TIBarr*. VHiSPFfcG^ibT, CI* 2 
xiOificm-sg-^r-rs^ptcSJWb. Ge, C, Se, S. OS 
flW**WF*u 2 xi0i8cm-3JcftS«fc'5Jc*iJffllbT, CI 
iGe, CI it CliSe, CliS, CI iO<©S^t>i*-C. 

bfco 

[0 0 4 4] *HS£M^?^b^:Ge. C. Se. S, Oto^FJW 
»tt^nfeVIIlR5FW«lT**Cl<0*»^ **ffc* 

— ««Wtt*^b, Cl*«*<51TrV>ftl'>**fc*4l*- 
«#»«±lcfPBb&U— tfiJ±$fcbT, 
'ft~V&^fZo *«rfttt. Si, Ge, CcDIV&tg** 

ffiJB bfc»*kllWft»**SRbfc. 

[0 0 4 5] *^J£0trte. Ge. C, Se, S, OODK-fcT 
>^S**ibT. y)WV> (GeH 4 ) . (CH 4 ) . 

i*U>1tokX (SeH 2 ) VzK*flstt«* (SH 2 ) *.B* 

(0 2 ) ^ffiffiLT, 8$^W«^SS^filfc. 

b^b. t:>yaft*9*sK»-e*n 
[0 04 6] 3 ) ***s«yctt, Jiia^iS^Jg 

: T«T*tt-CfPBbfcl^— 1flC»^T, ffi*ifc-&*¥# 

&Tiiira$i±Tf£B bfc«*flS*4»*#**« ^r^ffl b 
XU— tf*f^Bb^:«'&<7)i}#tt^O^TlSi*"rS. 

[0 0 4 7] 5Wt»S"C«r*ttfc*^T* H-VPETfP 
fi-T «aSftsMl¥**SBtf JMPOC'l .H-t>^P 

*#Tf^BbfcU- IftfPBb. *04#tti±R*fTo 
Ac. 3rT. ±E*lfi^lBiH«0*ftTffBbfc,-Xh 
9<^©*«»BS*<rr*T>K— ^GaHTJiB* 

r U7/fXiHH 3 e*n*n5I/BinSbft*6, 
■**»1050t:*TWr*- ^O^. S«±tC GaCl 
**KS«t8(C^bfc*tt"C, 100cc/toin^AbTGaNCDf$ 
^^ifeta. UftSHMTStHBl:, SiH 4 ^fXR^ 
Cl 2 ^A*^n^n^F^Si^. 2xi0»8cm-3, 1X10 
i6 C m-3^ft ^ J: z> tc^JabT, S*ft^ft**#SSW 
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[0 0 4 8] jSfijWR7-rai0#, 30f*\ 606\ 5»Wr 

W» 350//m<DP^co^^fb'&^¥«*S«^^g"r^o 

[0 0 4 9] m5\Z. »m<Z> K-tf>^fiiSSC0[Hldb 
<0|»fl**a*-r. 0 5lc;&H>T, SOI. 502. 503, 504 tt* 
n-Pn, SffiSI^e^^M 3mid, l^m. 2 mid. 10 

±-5fc. 3X<b£tt¥*{*S«8B**&10/xnk &tf2 H 

[0 0 5 0] KS, g*fbdtt¥«#S«*ffia> S 1 m 
m. &tf0l 3p.m(D{<Lmfr5Cmm*M1m2i*:Tci%'8i\Z 
tt, *ffi»Sififir©Cl«l««i«<«:«JC ! &36^fe6-r; 

6. 

[0 0 5 1 ] C(^^3fC. £*fc#4I^X#&KeJiEA 

mmmm^mm^m^m^x. 20 

[0 0 5 2] H6lC**tt*ffl^TfPBL3fcU— Sf©« 
JE— «8B»tt*«T. 0 6lC»^T, 601«*^ig^J(c: 

m<Z)^££Mftil;^£. CIK — fcf>^»€:l x 10i6cm-3^ 

£«&tt/fiLfcU— *fmT<DmEE— «SS4*ttT*0. 60 
2ttCl K-tf >^/S£ 1 X 10i6cm-3tf)££-Cj£:g£fTo 

<D«JE— ««t»te-C»*. ^6^i, ^^^tc^^30 

n £ i -5 \ z & -d ft rc 66 t & £ £ # a £ n £ . 

[0 0 5 3] !^6fCirH>T. 601&tf602(E>aEE— 

*«»ttS*TU- tfsfmc, ?BfiHffi«SK<a£jl. 5fS 

MXfb£«*Lfc«**0 7 fc^K-To 0 7 4^ 701Rtf7 
02te, H6+-e"n-€ r n6012feCX602<D«fl£— nffi¥F&&7* 

?mT<Dmi%&&-c&2> 0 mifrz>ftfrz>&o\z. 

igg£iilJD£l*£ £ t C J: 0 M^tt^^tC t3&*» 
[0 0 5 4] »«Btt«W<Dite|l, **Sft£J«tlD$-tiN5 
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£>&©TO>;e??S&S<>:, tf£>l&f£@EEC£>|!^£|2] 1 
3 tC^To 013tCJ:^^, ft*<b'&«#*flcS«*ffi 

£ 0. 05 m mcoftif T<Z> mmM&& 1X10 i6cm-3jy _t, 
1 xiO»cir3£tT"C*f^*flE©ffi«^*6*i<&. Sfc. 
X£2£L<I£, 8&^®t^60. 05Min£>SS£^<DfiI*£ 
1 ~ecOlg^»^^ 5 x 10i6cm-3^±, 1 x 10i9 C m-3-r^»c 

[0 0 5 5] ($ftM4) **««TIS, mS IC^T#f 

Ktt&H. S8JS»«K:«L&J;3fc:w Cl 2 #*£:100ccl/ 
min. COc^ST^AL^^e, 3 B5^T?if$350MmJP^<7)Cl 
K - y OGaN «fc 0 Jtc * jbS* L 

*io ^<d&. ±&$mmmtimmiz. MocvDfe^it o v 

\Z, H7-fX7f>^il^liT, n^GaNM (103) 
[0 0 5 6] ^^{C^Lfcct^tC, Cl^-g-tra*Yt 

aW*»«±k:ja6*L,fc^-iftJt«bX- ^iffiJ^±^> 
[0 0 5 7] *jtJS«T^bfcU— tf«, ^^{fc:^ 

[0 0 5 8] ^fc, ^^^Tfe, Cl<OJ!S*-C<gffiiBS 
d*fi«TS^:«)^tt, 4^a< <h^20MmJ^JicoJ¥^^$) 
5Ct*MT*5. *^20/imettA««« 

[0059] ia9fC7css^9fsi±rfc. ci*h— k> 

^Ufc50MnOP*(Oa*ft*«i**#K« (102) JLfcf^ 
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5, GaN*S^ttAlN«fcO&*20nmaK©ff*©iaaAy 

iftOV— !f fctMRbTl. 5«8lSrRj±b*:. 
[0 0 6 0] 0 9<Z>«ii»wfeS<t'5^®UfeU'--1f^ 

1.5kA/ctf£MEU »3t!SS<Z)«fM«<b*PI3lEUfc»* 10 
&B1 2K5F?-. Ell 2+*. 311, 312, 313. 314, 315 
Rtf316t**n^nCl«a««. 2X10Hicnr3, 2xl0»8c 
m-3, 2xl0i4cm-3, 0cnr3, 2 x 1020 C m-3R^4 x 1020 

(314) ctO feM©Cl*H-K>£fbTflsBb&SB* 
<fc^ft*W»aitR**«UTfP«Ufcl^--!f©»tt (31 
K 312, 313, 315) <D*tfi* KMMfc»bT<B3fcHJ:*J 

a*fcci*tt*fc#&fctt. .»*»tt (3i 
6).Basic*<a:**ift*«bTv>*. #2***4, ** 

10Wcnr3«±, 2 x lO*^ir3«TT»*a*»a d t**to 
*o fc. »cSSb<14, Cl»«*Uxi0i5cnr3^Ji, 

[0061] mmm 5 ) mmm 3 

S*^4&¥«#SS<0«ffi^B#ifi©CiaiSS:iiS< b 

[0062] n&msmmz* h-ype»k:j:oci*f— 

*ft^*¥»<*»*©dtftWJ6fif^6, Cl 2 £rl0ccl/niin 

o»iT»Ab ox, awrtic"fcDa*naci«§E 

«5 xiQi5cm-3X&ofc) , S*fb£«¥»#X«<0JS 
**tJftTi"S30»«9JcCl 2 *f^8fA**lOcc/tain^6. 5. 
.00cc/miDt«Sa*'fr. ft»T3»l«T350MmJP*fctt* 

XJ&S b fcBSMb^****** * «B b Xf£ffi! b ft V 
— 1fl4, *lB«3"C3RbfcV--1ftW»a*te:*"C<Ett40 

im, 3R^OD«ffi(OIHJdb^llJfi0y3T^bfc ! foOi:itti 
bT, ¥ftm&lZ'b2<. *<Dtz&. V— ftoU* Fffl 

[0 0 6 3] tt*fc£fc¥*#*«rtO**tt, 
frlcfrfcoX* ^tt< tt)2xlO«4car»a*OB*K± 
ft*;it*«ett««fc:»*»T*0»*b^ofc««, » 

»«*ffiA^6 2Min*"CO»**Xtt; 4>fc<£fc 1X150 
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Oi6cm-3«-Lco»SOtl5R^»ntf, tfc*F— \±>if<D 

[0 0 6 4] 010 fc**<b****<*»*a®ififf «r 
*HX, CHB***ft*-frTfPBbfcffiSl^*¥3M^ 

010*, 100114. fiSWb^tt 3 ! 4 * 
#«Bifitt*>&i*i'M*« M.UinS» fcSH>X, PS 
'•ftfc (5xi0i8cm-3gS) CI«**«ttP*'tt , T i l« — K 

>j^ifcWT**. srfc. ioo2tt**<b*tt#«<*ai 

«JCClBit«:itiO**e-TF — t!>^bfc*fi«"r»a. £ 
fc, 1003«, S3R^«l¥*^S«ifi«T«^MtCl» 

a^JtipsiirfcWrcsa. i004ttss*fb^«¥ 

i»#»8^ffiifi#K©*Cl«: tf>ybfc»Wr» 
£o Bl OKH4BSEbT^tt^3ftt, ir»fls*4ll* 

*\ tt*{b^«¥«ff*«^*B5fi«"t?2»tt**^J4 

[0 0 6 5] IN. ±JSbJfc*KMK*5^Xte, ^rT^Tt 
. sRftUTU- ifftffBbfcBbtP^TESEbfc^ B 
yt4T<f*— Ffc»bXfc#»ft3&«n?**l Bill:, 
B3fc*f-f*— HO-«€*t«*Hft*T. Bl 14", 
110H4Al/Ti«a«O*f»J:D^:-Sna!^— 5 
1 1 02 ttCl £ S i £ H — tf > if b fcnS!»tt &SMb-& 

»¥»i*«s, no3tt»4M*aE©*a**rr*si*F 

— 'fcf>£f bfcnfflGaNBU 1104J4»nmOJP$ £>InGa 
NO«*B J: Dfc*5fi3fc«. . 1105««)20nmOP$ £*rT 
^pSJ^lGaN^Ofc*** |J7^D7^I> 1106*4^0. 
lMm<0JP£**T*Mg£ K— tT>^bfcP^GaNM, 1107 

[0066] mz. *m\xi&£kte<om&i>*&9~r2>n'¥' 

^^^lC»4^T«l****«»Ct3^«»-C#*. ^fc, 

ttJ4*559!<DSa*tJ:0fil±'r*- B«ft**¥«W*« 
«<©J|tS<Z>±BJ4*3tt*^*»ft«fi^*±T?.«)«ll8tt 

&^#*.jrrff*&* vvvt&isl. mmm<D 

* b < ttO. BmmKT^S ^ b 
[0 0 6 7] 

K±Oi£»-**«fc±*i^ 20MmjW 

tt*ift±-r*. ^fz. Ka*<b^**##**+^«» 
■«e»««W"r*T>B«©tt«oaafe****b, mEE- 
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[02] *$zmmm\zj:o&m<k&®¥m&m&$:$im 
[03] »g^^xM^ h-e>^b^M^ 10 

[0 5] ^^k^¥«^S«^Mifi^fc:^g^^$ 
^ m <r> m dh & t> t ^ ^ y t & s . 

[0 7] **JS«f*ffiHr^TfPKUfc^— !f«>**»ttt20 

[08] **iB«^cfcOKiabfca*fls^**»*u- 



[09] *ni&miz*9nmi,itmm<t&to¥m*u- 

[010] ^^$ti2T#fc^^k'&©I^#:Sffi4 J 0 
[011] *HJSfi»JfCcfcOSigL^3t^<^-KO- 
[012] **Jfi«*ffl^Tf^»LfcU— 
[013] **ISffi»Cct0«ifiLfcft*Yt^4fc*W*u 
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